Abstract. Sabdono A, Trianto A, Radjasa OK, Wijayanti DP. 2019. Antagonistic activity of bacteria isolated from coral Acropora sp of Karimunjawa Islands, Indonesia against Acroporid White Syndrome. Biodiversitas 20: 1350-1355. Acroporid White Syndrome (AWS) disease, causing coral death and mortality, has come out as a serious threat to coral reefs in the Karimunjawa Islands, Java Sea. In the present study, the bacterial community associated with the Acroporid were assessed for their antagonistic activity against bacteria associated with AWS disease. A culture collection of 43 bacteria associated with coral Acroporid was established by plating on Zobell's 2214E. Isolates were screened using the overlay method. The results showed that five isolates (11.62 %) were able to inhibit the growth of the AWS isolates. These isolates were tested further for their consistency of antagonistic activity by using disc-agar diffused method. Based on their consistency, AU5 isolate was selected for study at advance. Polyphasic and phylogenetic analysis were used to characterized AU5 isolate. The DNA sequence analyses demonstrated that this bacterial isolate affiliated with Firmicutes. The AU5 isolate showed high 16S rDNA sequence identity to Virgibacillus salarius strain muzPC213 (99%). The results demonstrated the existence of bacterial coral symbionts with AWS antipathogenic activity on the coral tissue, possibly performing as biocontrol agent to protect the coral Acroporids against AWS outbreaks.
INTRODUCTION
Coral bleaching and associated mortality have negative impacts on the abundance and diversity of coral and fish communities (Casey et al. 2014; Komyakova et al. 2018) . Changes in coral community composition can occur when more susceptible species are killed by disease outbreak events. Declines in genetic and species diversity may occur when corals die (Baskett et al. 2009; Baker et al. 2008 ). However, the direct impact of coral disease on coral reef biodiversity is still unclear (Rogers 2013; Richards and Day 2018) . Bruno et al. (2007) stated that the outbreak of coral disease contributed to the decline of coral cover. Also, Miller et al. (2009) and Roff and Mumby (2012) stated that diseases have an important role in the declines of the diversity and resilience of coral reef communities. Several previous studies reported that the Acroporid White Syndrome (AWS) was related to tissue loss in the forms of irregular bands or patches of the white skeleton in the IndoPacific (Willis et al. 2004; Raymundo et al. 2008; Sussman et al. 2008; Yamashiro et al. 2016) . While Aronson and Precht (2001) stated that AWS is the main factor in coral degradation in the Caribbean Sea.
Coral reefs are one among several ecosystems that exist dominantly in Karimunjawa National Park (Campbell et al. 2013; Susanto et al. 2014) . Branching coral Acropora sp. grows abundantly in some islands of the Park. However, most of them were attacked by AWS (Sabdono et al. 2019 ).
Although members of the Acroporidae display many colony growth forms on these reefs (personal field observation), the outbreak of AWS discovered in 2016 mainly affected tabular Acroporids (Figure 1 ). Obvious signs of AWS were recognized around Karimunjawa Park. This disease is mainly distributing to the dominant species of tabular Acroporid corals in Kemujan, Sintok, and Cendekian islands (Figure 2) . The AWS disease is etiologically known by the rapid damage to the surface tissue of the reef. Then it is followed by sloughing the tissue so that the white skeleton tissues appear a greenish because of algae colonization. The growth of endolytic algae causes the discoloration of the skeleton (Green and Bruckner 2000) . Roff et al. (2006) reported that the rate of lesion acceleration in coral colonies varied greatly. Although the etiology of AWS is very little known, lesion borders can be recognized by the limitation of microbial communities.
In recent times, the antipathogenic microorganism was used for biocontrol agents in agricultural crop pathogen (Elkahoui et al. 2014 ) and aquaculture (Kesarcodi-Watson et al. 2008 ). In corals, there are no known procedures on how to prevent and control coral diseases. Several approaches have been attempted to stop and to mitigate coral disease outbreaks. Raymundo et al. (2008) removed black band bacterial mats from lesions and then covered the lesion with epoxy. Efrony et al. (2007) used phage therapy method to reduce the spread of coral disease. However, these methods have not been any success. . Acroporid white syndrome in Karimunjawa islands, Java Sea, Central Java, Indonesia Ritchie (2006) and Shnit-Orland et al. (2009) reported that native coral-associated bacteria produce antimicrobials capable of inhibiting pathogens. Furthermore, Teplitski and Ritchie (2009) stated the opportunity for exploring these properties in implementing biological control of coral diseases. So, the search of indigenous coral bacterial strains with anti-pathogenic AWS is urgently to be conducted. Hence, the present investigation was undertaken to isolate bacteria associated with the coral reef (Acropora sp) for antagonistic effect against AWS pathogens. The result of this study will help the researchers to uncover the critical areas in the prevention, control and reduce of AWS outbreaks that many researchers were not able to explore. A new strategy on molecular epidemiology and disease control technology of coral diseases in Karimunjawa National Park may arrive at the solution.
MATERIALS AND METHODS

Coral sampling
Samples of healthy and AWS coral Acroporid. were carried out on Kemujan, Sintok and Cendekian islands in June 2016. The samples got at 5-8 m in depth with scuba diving. Then coral fragments (approximately 5 cm) were put into Ziploc plastic which had been filled with sterile seawater. Samples were then brought to the laboratory for bacterial isolation.
Isolation of bacteria from coral samples
Coral fragments were crushed using sterile mortar and pestle. Then serial dilutions were carried out from a coral paste into 10 -4 up to 10 -6 in sterile seawater. Bacterial isolation was conducted by taking 50 μl from each serial dilution and put into the agar marine media. The spread method was used to plant the bacteria. Then the Petri dishes were incubated at room temperature for 48 hours. Colonies were selected based on the morphology colonies (shape, size, texture, and color).
Bacterial isolation and purification
Isolation and purification of the coral-associated bacteria were carried out using streak method. By morphological features, colonies were randomly picked and purified. The purity of the colony was checked based on morphological and microscopic examination.
Antagonistic activity assay
Antagonistic activity of the bacteria associated with healthy Acroporid coral was investigated by agar overlay and disc diffusion methods adopted from Radjasa et al. (2007) with slight modification. The overlay test was carried out by growing bacteria associated with AWS on soft agar. Then, these isolates were poured into Zobell 2214E medium that already grown with Acroporid bacterial symbionts that were incubated for 96 hours. The antagonistic activity of Acroporid coral isolates could be determined by the formation of a zone of resistance with a size greater than 1 mm.
Screening antagonistic property
Antagonistic tests bacterial selected were performed a second time by using the agar disc-diffusion method. Fifty μl culture of AWS bacteria in the logarithmic phase were spread on to Zobell 2216 agar medium using glass spreader. Some paper disks were put in the agar surface and then dropped with twenty-five μl of each Acroporid coral bacterial culture. The plates were then incubated at room temperature for 48 hours. The appearance of inhibition zones around the paper disc showed the antagonistic activity of isolates and was measured quantitatively.
Phenotypic characterization
Characteristics of morphology, biochemistry, physiology of the isolates were conducted according to Heyndrickx et al. 1998 and Yoon method (Yoon et al. 2004) , such as, gram test, catalase production, growth on acetate, growth on 10 o /oo NaCl, acid production from carbohydrate, acid and gas production from glucose, methyl red and VP assay, NH3 production, indole production.
Molecular identification DNA Extraction and amplification-PCR
Extraction and partial amplification of 16S rDNA from the bacterial strains of AU2 and AU5 were carried out according to the Sabdono and Radjasa method (2008) . The primary used was primary forward 8-27: 5'-AGAGTTTGATCCTGGCTCAG-3 'and reversed the primer 1510-1492: 5'-GGTTACCTTGTTACGACTT-3' (Weisburg et al. 1991; Reysenbach et al. 1992) . PCR reactions contained 1 μL DNA template (100x diluted), 1 µL primary, 7.5 μL Megamix Royal and sterile water up to a total volume of 15 1 μL. Amplification was carried out with the Gene Amp PCR System 9700 thermal cyclist model with the following temperature profiles: initial denaturation at 95°C for 5 minutes; 30 cycles of denaturation (92 °C for 1 minute), annealing (50 °C for 1.5 minutes), extension (68 °C for 8 minutes), and final extension at 68 0 C for 10 minutes. Five aliquot microliter products PCR were run using electrophoresis on acrylamide gel 6% using a 1XTBE buffer.
DNA Sequencing and analysis
The prospective isolates, as determined by the inhibitory test were identified by using DNA sequencingbased technique. The PCR products were purified with spin columns and prepared using a Sequencing Kit for subsequent sequencing with an automated DNA sequencer. The determined sequences were analyzed by using BLAST for homology test. CLUSTAL X program (Thompson et al. 1994 ) and aligned manually were also be used for DNA sequencing analyses. The phylogenetic tree was constructed using the PAUP software (available at www.biol.chemie.tu-muenchen.de/pub/arb/). The sequence was submitted to GenBank, and are available under accession numbers LC461005.
RESULTS AND DISCUSSION
Isolation and screening of antagonistic bacteria
Results on the overlay test showed that 5 of 43 (11.62 %) bacterial isolates of Acropora coral tissues showed the ability to inhibit the growth of AWS bacteria. These bacterial strains have antagonistic activity against at least one bacterial AWS. One of them (AU5 isolate) are intensely active, with antagonistic activity on 3 AWS isolates. These isolates were then reassayed by using agar disc-diffusion method to confirm their consistency to inhibit the AWS isolates (Table 1 and Figure 3 ). Only one isolate successfully inhibited the growth of 2 AWS isolates after the assay. The AU5 isolate had varying antipathogenic activities against AWS with the range of inhibition zones between 10.20 and 11.07 mm. The reexamined of bacterial activity using agar discdiffusion method showed the decrease of antagonistic activity on several coral isolates. No inhibition zone was formed by SM1 isolate. The decrease of antagonistic activity on this method due to the slow penetration into the medium that affects their ability to inhibit the growth of AWS isolates. Whereas, there was no diffusion problem when overlay method was used. Reller et al. (2009) stated that the disk diffusion method could not be applied to microorganisms that are fastidious, slow growing or have special growth requirements. The AU5 bacterial isolate had a stable and consistent on inhibition of the growth of AWS isolates. Then, this isolate could be used as a candidate for biocontrol agent on AWS disease. Some previous studies reported antagonism of coral-associated bacterial communities that might contribute to pathogenesis as well as disease resistance (Rypien et al. 2009 ).
Biochemical characterization
The biochemical characterization results showed that AU5 was gram-positive, a rod-shaped, aerobic bacterium and catalase-positive bacterial isolates. The results also showed that the AU5 coral bacteria could grow at room temperature, did not produce H2S, and fermented glucose, cellobiose, galactose, raffinose, and salicin, but not the other sugars tested (Table 2) . Phenotypic characteristics of Virgibacillus referred to Heyndrickx et al. (1998) and Yoon et al. (2004) . They stated that Virgibacillus are grampositive rods, motile, ellipsoidal endospores in terminal or subterminal, small colonies, irregular circle, yellowish white and almost opaque colors. Phenotypic characteristics of Virgibacillus also referred to Heyndrickx et al. (1998) and Yoon et al. (2004) . They stated that Virgibacillus are gram-positive rods, motile, ellipsoidal endospores in terminal or subterminal, small colonies, irregular circle, yellowish white and almost opaque colors. Also, Yoon et al. (2004) added some characteristics such as negative VP, no indole production, nitrate reduction, casein hydrolysis, gelatine and of aesculin positive, and not produced hydrogen sulfide. The similarity characters between AU5 isolate and Virgibacillus references was 84 %. Based on the morphological, physiological, and biochemical identification, the AU5 isolate was confirmed as Virgibacillus sp. Baron (1996) stated that strains of a given species might cluster at a 90% similarity level, species within a given genus may cluster at the 70 percent level, and different genera in the same family may cluster at the 50 percent or lower level.
Molecular identification
The results of the 16S rDNA sequence antipathogenic AWS bacterial isolates AU5 showed that this isolate had a close relationship with Virgibacillus salarius strain muzPC213 (99%) ( Table 3) . To clarify the phylogenetic proximity Virgibacillus and AU5 isolate, 16S rRNA gene sequences from the strains presented here were aligned to construct a phylogenetic tree. The phylogenetic analysis showed that the AU5 isolate was constant close to V. salarius strain muzPC213 (Figure 3 ).
In the marine environment, members of the family Bacillaceae (Bacillus, Virgibacillus, Oceanobacillus) known for the production of metabolites with antimicrobial and antifungal properties (Kurata et al., 2017) . However, there was a lack of information regarding genus Virgibacillus that produce antimicrobial substances. Wijayanti et al. (2018) reported the V. salarius isolated from coral acroporid that has antipathogenic property against Black Band Disease. Kanagasabhapathy et al. (2005) reported that V. pantothenticus isolated from a marine sponge could inhibit the bacterial fouling. While Essghaier et al. (2014) reported that V. marismortui strain M3-23 have potential antimicrobial property against fungal disease by destroying of mycelial growth of Botrytis cinerea. Efforts to control coral diseases with bacteriophage have been made successfully under laboratory conditions (Efrony et al. 2007; Efrony et al. 2009; Atad et al. 2012; Cohen et al. 2009 ). The finding of this study showed that Virgibacillus species have special characteristics that make AU5 isolate good candidate as biological control agents against AWS disease.
